Public health in India is gravely threatened by severe PM2.5 exposure. This study presents an 23 analysis of long-term PM2.5 exposure in four Indian megacities (Delhi, Chennai, Hyderabad 24 and Mumbai) based on in-situ observations during 2015-2018, and quantifies the health risks 25 of short-term exposure during Diwali Fest (usually lasting for ~5 days in October or November 26 and celebrating with lots of fireworks) in Delhi for the first time. The population-weighted 27 annual-mean PM2.5 across the four cities was 72 µg/m 3 , ~3.5 times the global level of 20 µg/m 3 28 and 1.8 times the annual criterion defined in the Indian National Ambient Air Quality Standards 29 (NAAQS). Delhi suffers the worst air quality among the four cities, with citizens exposed to 30 'severely polluted' air for 10% of the time and to unhealthy conditions for 70% of the time.
Introduction
We estimate the short-term health impacts during Diwali Fest in Delhi from exposure to 149 ambient PM2.5 concentrations as all-cause premature mortality. The short-term health impacts 150 are accounted for within the long-term health impacts, and are used to indicate the variation in 151 the daily burden from acute responses (Héroux et al., 2015) . We use the summary risk estimates (4) 165 We use a linear exposure-response function with no cap on daily relative risk (RRd), 166 similar to a previous work (van Donkelaar et al., 2011) , estimating daily relative risks following 167 Equation 3. Daily premature mortality (Md) is then estimated using Equation 4. 168 Using a logarithmic exposure-response function as in previous work (Crippa et al., 2016) , 169 our estimates of short-term premature mortality are about 10% larger than with a linear 170 exposure-response function. To be conservative, we use the linear exposure-response function 171 in this study. hour averaged PM2.5 concentrations (Fig. 2) . The two cleanest air quality levels, 'good' and 182 'satisfactory', are defined as healthy, and the others (PM2.5 > 60 µg/m 3 ) are defined as decreases as wind speed increases, and PM2.5 is generally less than 100 µg/m 3 when the wind 213 speed is greater than 4 m/s in all cities (Fig. S2 ). This is because the higher PBL and larger 214 wind speed dilute the surface PM2.5 (Chen et al., 2009; Mohan and Gupta, 2018) .
215
In order to investigate the possible source regions of PM2.5 for each city, we analyse the 216 relationship between PM2.5 concentration and wind direction ( Fig. 3 (Cusworth et al., 2018; Jethva et al., 2018; Rastogi et al., 2014) , when the worst air quality is 225 observed in Delhi. Furthermore, previous modelling studies show significant increases (> 50%) 226 in aerosol loading when the westerly and northwesterly wind transports dust from the Thar
227
Desert to Delhi during April-June (Kumar et al., 2014a; Kumar et al., 2014b) . In Hyderabad, 228 another inland city, the easterly/westerly wind pattern is also dominant. The easterly wind 229 brings a substantial amount of PM2.5 to Hyderabad, but the conditions are better than in Delhi, 230 with limited episodes of PM2.5 concentration higher than 150 µg/m 3 . Chennai and Mumbai are 231 coastal cities with a prevailing onshore wind for 70-80% of the time which brings relatively 232 clean marine air masses. The PM2.5 concentrations are generally lower than 75 µg/m 3 when an 233 onshore wind is present. The offshore wind brings pollutants from inland regions to the cities, 234 but this occurs much less frequently (20-30%). These results indicate that there is a strong 235 interaction between meteorology and PM2.5 pollution, and strong local characteristics are found in each city. Detailed investigation of these local characteristics would be helpful in tailoring 237 an effective mitigation policy for each city. 
280
Our results suggest that there is much greater human activity and emissions during the night in 281 these two larger megacities leading to higher night-time PM2.5 concentration but less variation 282 during the morning. The morning rush hour lasts longer until 10 a.m. in winter in these 283 megacities, in contrast to 9 a.m. in Chennai and Hyderabad. This is possibly because the busy 284 traffic, also alarger city size would prevent a smooth commute and lead to longer commuting times (Alam and Ahmed, 2013; Srinivas, 2018) . In addition, traffic is a major local source of 286 PM2.5 (~45%) in Delhi (Sahu et al., 2011) . These results suggest that developing a more 287 convenient and efficient public transport system and encouraging the usage could be a key to 288 mitigate PM2.5 pollution, especially in the biggest cities. More work on source apportionment 289 is needed for each city to inform better targeted mitigation strategies. 
Weekend Effect in Four Cities

292
We report the influence of a weekend effect on the diurnal patterns of PM2.5 in these cities, 
Exposure to PM2.5 and Health Impacts
We use these long-term in-situ observations to estimate the exposure of the population to
In order to analyse the spatial representativeness of observations in U.S. diplomatic missions in each city and the corresponding uncertainty, we extract surface PM2.5 
363
The retrieved data has been validated and widely adopted for global health effect analysis in 364 previous studies (van Donkelaar et al., 2010; van Donkelaar et al., 2015) . The standard 365 deviation and ratios of PM2.5 concentrations between U.S. diplomatic missions' locations and 366 averages of surrounding regions are given in Fig. 8 .
367
As shown in Fig. 8 overestimate the PM2.5 concentrations in Delhi compared with the regional average, but this 380 overestimation is less than 5% and with standard deviations less than 6% when the distance (or region radius) is less than 60 km. However, the overestimation increases to ~10% with a consortium and EPSRC (grant EP/K000225/1). The paper is based on interpretation of scientific results and 456 in no way reflect the viewpoint of the funding agencies. 457 Chen (y.chen65@lancaster.ac.uk) 
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